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Abstract—Two different  mechanically agitated 
reactor  vessels  in  mini  scale  size  have  been 
developed  and  fabricated  to  produce  biodiesel  . 
Esterification  and  transeterification  routes  have 
been  chosen  as  the  production  process.  Both 
refined  bleached  deodorized  (cooking  oil)  and 
used  cooking  oil  have  been  tested  for  the 
reliability of the reactor vessels. 
This paper will describe the engineering design 
for  the  reactor  vessel  development  beginning  at 
the  stoichiometric  equations  for  the  production 
process  and  the  thermal  energy  balance  to  the 
detail  engineering  including  the  equipment 
selection  and  fabrication  in  order  to  meet  the 
design and objective specifications.
   Keywords: transesterification, energy balance, equipment  
selection
I.INTRODUCTION
ne  of  the  objectives  set  in  the  Malaysia's  National 
Biodiesel  Policy  is  to  exploit  local  technology  to 
generate  energy  for  the  transportation  and  industrial 
sectors[2]. Driven by this policy and seeing the fact that the 
Johor  state  provides  palm  trees  in  abundant,  the  two 
different  reactor  vessels  have  been  developed.  The  mini 
scale size is selected for the reason that a small company or 
a  farmers  community  with  their  own  fleets  can  produce 
biodiesel as fuel in a convenient manner. 
O
The heart of biodiesel production employed on this study 
is esterfication of cooking oil with a high Free Fatty Acid 
(FFA) content with small amount of an acid catalyst before 
undergoing to transesterification for   converting ester  into 
Fatty Acid Methyl Ester or biodiesel. This simple synthesis 
process  produces  glycerine  as  by-product  and therefore  it 
needs  to  be  removed  by gravity  separation  following  the 
complete reaction.
II.BIODIESEL PRODUCTION
By using methanol for the alcoholysis, the esterification 
and transesterification of the refined bleached palm oil can 
be expressed as follows: 
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Palm oil is used as the limiting reactant and the amount of 
methanol is in excess during the reaction. The stoichiometric 
reaction requires three mole of methanol for every one mole 
of the palm oil and it is an equilibrium reaction. The molar 
ratio  of  methanol/oil  is  fixed  at  6:1  since  the  literature 
suggests  that  this  is  the  optimal  ratio  for  vegetable  oil 
transesterification [1,3].  Sulfuric  acid  (H2SO4)  and caustic 
soda (NaOH) are used as the catalysts in the esterification 
and transesterification, respectively. 
The  isothermal  reaction  takes  place  at  a  temperature 
below the boiling point of methanol at atmospheric pressure, 
namely at 67 oC to ensure the conversion depends solely on 
the  concentrations  of  the  reactants[3]  and  preventing  the 
methanol from vaporization. 
III.DESIGN SPECIFICATIONS AND EQUIPMENT
Guided  from  the  stoichiometric  equation  mentioned 
above, the design specifications are set as follows:
(a) Above 90 % of conversion shall be achieved
(b) Compatible materials must be used
(c) Atmospheric operation pressure
(d) Vessel capacity: 2 gallons
(e) Hot water is used for heat supply
(f) Ideal mixing in the continuous stirrer reactor vessel
The  conversion  factor  above  90  %  is  determined  in  a 
weight  percentage  of  how much Fatty Acid  Methyl  Ester 
(Biodiesel) is earned per gallon of palm oil. The material for 
the inner vessel and the stirrer is made of stainless steel that 
is  compatible  to  the  chemical  properties  of  the  oil  and 
glycerine. Zink is used for the outer vessel and a rock wool 
is utilized as the insulation material preventing a heat loss 
out the inner vessel, see Figure 1.
Figure 1: Components of the reactor vessel
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Figure 2: Technical drawings of the vessel
The agitator  power requirement is determined using the 
relationship between the Reynold number and the Newton 
power number for Newtonian fluid, [4] as follows:
(1)
With d as the impeller diameter, n as the rotational speed, 
 and   for the density and the viscosity of the oil, 
respectively, the value of Re is used to specify the Newton 
number,  Ne,   read  at  the  Newton  number  and  Reynold 
number diagram for a particular  region. The motor power 
required is then calculated using the formula:
(2)
The ideal mixing is approximated that the mixing process 
is enforced to take place in the turbulent region and avoiding 
any vortex forming in a single zone by means of baffles. The 
motor power requirement of 0.5 HP is then selected for a 
three-bladed Marine Propeller and a four-blade impeller that 
are also designed as the mechanical impellers. The rotational 
speed varies between 1000 rpm and 1500 rpm ensuring the 
the mixing process at turbulent region. Figure 3 shows the 
reactor vessel with the agitator sitting on the top. 
The heat transfer of the composite walls made of SS 304 
at  the  inner  and  Zink  at  the  outer  vessel  along  with  the 
insulation material for reducing heat loss to the surroundings 
has been ascertained to select the electrical heater. 1.5 kW 
and  2.5  kW  are  chosen  for  the  esterification  and 
transesterification  process  heaters,  respectively.  This 
different heat sources are selected since the residential time 
of  both  processes  are  various.  The  first  process  takes 
approximately 30 minutes and the second ones requires two 
to three hours longer for the reaction completeness. As the 
heat supply to the process is the hot water that heated by the 
electrical  heater  and  this  mechanism  can  avoid  the 
temperature fluctuation especially in the radial direction. It 
keeps  the  temperature  uniformity  during  the  reaction.  A 
thermostat is used to set the operating temperature of 65 oC 
keeping the methanol at liquid phase.
Figure 3: The reactor vessel
IV. BIODIESEL PRODUCT 
The reactor vessels that have been designed and fabricated 
have been tested to produce biodiesel from both a used 
cooking oil and a refined cooking oil. Table 1 shows the 
comparison of the results being tested and the standard 
values of biodiesel, [5].
Table 1: Product and standard biodiesel 
Oil type  At 40 oC LCV  [MJ/kg] Flash point [
oC]
B100 3.5 – 5.0 39 - 41 120 min
Product 4.3 40 178
The first two parameters show in a good accordance to the 
standard B100 but the third value differs significantly. It is 
justified  that  the  biodiesel  product  contains  high value  of 
water and the other impurities. 
Figure 4: Biodiesel product 
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V.CONCLUSION
Two  reactor  vessel  for  both  esterification  and 
transesterification  process  for  biodiesel  production  have 
been successfully designed and fabricated according to the 
design  requirements  and  specifications.  The  biodiesel 
product  manufactured  by  the  reactors  gives  some  good 
results compared to the standard B100. However the flash 
point  delivered  is  still  to  high  and  the  process  shall  be 
modified  including  the  operating  speed  of  the  agitator  to 
achieve what is desired. 
The development of the reactor vessels have experienced 
some modifications and needs yet technical improvements. 
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